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(54) Connector interface for spacecraft modules 

(57) A standardized interface between a spacecraft 
backbone structure (48) and multiple spacecraft mod- 
ules (26) that are coupled to the backbone structure 
mechanically, electrically and optically. The jnterface 
structure includes power connection pins (42 or 50) that 
connect to a power bus in the backbone structure, data 
signal pins (44) that connect to a conventional data bus 
in the backbone structure, and an optical connection (46 
or 56) that connects to an optical data bus (60) in the 
backbone structure. Optionally, the interface also 
includes a wireless data bus (54) using infrared propa- 
gation along the backbone structure, and a radio-fre- 
quency (RF) microstrip connector (52) for transmission 
of data at radio frequencies. The optical data connec- 
tion employs an optical interface unit (62) in each 
spacecraft module (26) to convert optical signals from 
the optical data bus (60) to corresponding electrical sig- 
nals, and a cross-point switch (74) to distribute the sig- 
nals to appropriate destinations on the module. The 
optical interface unit (62) also converts electrical signals 
to optical signals for transmission back onto the optical 
data bus (60). Optical signals may be wavelength divi- 
sion multiplexed onto the optical data bus (60), for which 
purpose the interface unit (62) also includes an optical 
demultiplexer (68) and an optical multiplexer (84). 




FIG. 3 



CM 
< 

CO 

in 
o> 



Q. 
LU 



BNSDOCID:<EP 0995677 A2 I > 



Pnrned by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



1 EP 0 995 677 A2 2 



Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to modular 
spacecraft engineering and design and, more particu- 
larly, to techniques for interconnecting spacecraft elec- 
tronic equipment modules that are externally mounted 
on a core spacecraft structure. Conventional spacecraft 
designs have placed electronic equipment on panels 
located inside box-like modules, with the panels typi- 
cally forming the walls of the modules. The modules are 
mounted onto a spacecraft and interconnected with 
extremely complex wiring harnesses. This approach 
makes spacecraft design, integration and testing a 
costly and time-consuming effort, and renders even 
small design changes difficult or practically impossible. 
Clearly, a more modular approach is called for, but 
efforts to provide a "standard" spacecraft bus, on which 
equipment and avionics modules are mounted, have not 
resulted in elimination of the wiring harness as the pre- 
ferred interconnection medium. The present invention 
addresses these difficulties and provides an elegant 
solution to the problem. 

SUMMARY OF THE INVENTION 

[0002] The present invention resides in a backbone 
interface for use in a modular spacecraft having a core 
structure and a plurality of largely independent space- 
craft modules. The backbone interface comprises a 
power bus extending along a spacecraft core structure, 
for coupling to connectors on modules plugged into the 
backbone interface and for supplying electrical power to 
the modules; an optical data bus also extending along 
the spacecraft core structure, for carrying data signals 
in optical form from one module to another; and an opti- 
cal interface associated with each module, for convert- 
ing optical signals from the optical data bus to electrical 
signals, directing the converted electrical signals to 
appropriate destinations on the module, and adding 
data signals derived from sources located on the mod- 
ule back onto the optical data bus 
[0003] The backbone interface of the invention may 
also comprise either or both of a conventional electrical 
data bus also extending along the spacecraft core struc- 
ture, for coupling to data connectors on the modules 
plugged into the backbone interface, and a radio-fre- 
quency (RF) bus also extending along the spacecraft 
core structure, having a plurality of waveguide channels 
for selective coupling to connectors on the modules 
plugged into the backbone interface. 
[0004] More specifically, the optical interface 
includes an optical demultiplexer to separate multiple 
optical channels carried on the optical data bus; a 
detector array for generating electrical signals from sig- 
nals on the multiple optical channels; switching logic to 
determine module destinations for the electrical signals 



and for routing electrical signals generated on the mod- 
ule; a plurality of light sources coupled to the switching 
logic, to generate optical signals for coupling onto the 
optical data bus; and an optical multiplexer, for combin- 

5 ing a plurality of optical signals from th tight sources, 
for launching onto the optical data bus. In the presently 
preferred embodiment of the invention, the optical sig- 
nals are wavelength division multiplexed onto the optical 
data bus. The optical demultiplexer generates multiple 

■to optical signals at different wavelengths, and the plurality 
of light sources include lasers operating at the same 
respective wavelengths as the multiple optical signals. 
[0005] It will be appreciated from the foregoing that 
the present invention represents a significant advance 

is in the field of spacecraft design and construction. In par- 
ticular, the invention is a key to facilitating design, con- 
struction and modification of spacecraft, since it 
provides a standardized interface between a spacecraft 
core structure and a plurality of similar modules. Using 

20 the interface, each module is easily plugged into a back- 
bone bus on the core structure, to provide a path for dis- 
tribution of electrical power, command and control 
signals, and mission-specific data. An optical path pro- 
vides for the transmission of large volumes of data from 

25 one spacecraft module to another, through an optical 
data bus incorporated into the backbone structure. A 
significant advantage of the standardized interface is 
that modules can be more easily designed, upgraded 
and replaced without disruptive redesign of mechanical, 

30 thermal and electrical interconnections between mod- 
ules. Other aspects and advantages of the invention will 
become apparent from the following more detailed 
description, taken in conjunction with the accompanying 
drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] 



40 FIG. 1 is a diagrammatic view of a conventional 
box-like spacecraft module of the prior art; 
FIG. 2 is a diagrammatic view of a modular space- 
craft architecture using the technology of the 
present invention; 

45 FIG. 3 is an enlarged view similar to FIG. 2, but 
showing more detail of a single module in exploded 
relation to a spacecraft structure; 
FIG. 4 is a further enlarged diagrammatic view of a 
standardized interface connector used in coupling 

so the module and spacecraft structure of FIG. 3; 

FIG. 5 is a diagrammatic view of a connector similar 
to FIG. 4, showing the module side of the connec- 
tor; 

FIG. 6 is a block diagram depicting optical intercon- 
55 nection of panel modules through an optical data 
bus; 

FIG. 7 is a block diagram showing the principal 
functions of an optical interface unit that is part of 
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each panel module in FIG. 6; and 
FIG. 8 is a block diagram showing a dummy panel 
module and optical interface unit, for use in other- 
wise empty panel module positions. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0007] As shown in the drawings for purposes of 
illustration, the present invention pertains to apparatus 
for interconnecting avionics modules in a modular 
spacecraft. Conventionally, avionics modules are 
housed in bulky boxes that are interconnected by com- 
plex wiring harnesses. In accordance with the invention, 
spacecraft avionics modules are externally mounted on 
a spacecraft core structure, which includes a backbone 
interface to which the modules are connected to obtain 
power, and to exchange data and radio-frequency (RF) 
or optical signals. Instead of a bulky and complicated 
wiring harness, the backbone interface provides a 
power bus, an optical signal bus and an RF signal bus, 
as will now be described in more detail. 
[0008] FIG. 1 shows a conventional box-like hous- 
ing, indicated by reference numeral 10, containing 
spacecraft avionics modules 12. Typically, the housing 
10 contains multiple equipment panels 14, and on each 
panel there are mounted multiple modules 12. Wiring 
harnesses 16 interconnect the modules 12 and extend 
between panels 14, and may extend beyond the hous- 
ing 10. When a new module 12 is inserted or removed, 
as indicated by the arrows 18 and 20, this action 
impacts the mechanical, electrical and thermal design 
at not just at module level, but at a panel and overall 
system level as well. Insertion of a new module may 
require repositioning existing modules, rewiring har- 
nesses, and providing additional heat dissipation 
capacity. Design changes, therefore, typically result in 
unwanted delays and cost increases. 
[0009] In the environment of the present invention, 
as shown in FIG. 2, modules 24 are mounted on uni- 
formly sized panel modules 26, which are attached in a 
generally radial configuration to a spacecraft core struc- 
ture 28 or cylindrical shape. As best shown in FIG. 3, 
each panel module 26 is mechanically attached to the 
core structure 28 by means of mounting brackets 30 
and supporting struts 32. More significantly from the 
standpoint of the present invention, each panel module 
26 has a standardized interface connector 34, which 
couples to a corresponding connector 36 on the core 
structure 28. The connector 36 on the core structure is 
shown in more detail in FIG. 4. More specifically, the 
connector 36 includes a pair of alignment pins 40, a set 
of primary power pins 42, a standard dc (direct current) 
pin interface 44, and a fiber-optic interface 46. Running 
the length of the core structure is at least one "back- 
bone" bus 48, for carrying power, data and other signals 
from one panel module 26 to another. 
[0010] FIG. 5 shows a different embodiment of the 
standardized interface connectors 34 and 36, indicated 



as 34' and 36*. respectively. In this embodiment, the 
connectors include a pair of power connectors 50 simi- 
lar to household power connectors, an RF microstrip 
interface 52 using a computer pin-like configuration, a 

5 wireless infrared data bus connector 54 comprising a 
sensor and a transmitter, and a digital fber optic data 
bus connector 56 comprising a pin-like connector on the 
module that mates with a data carrying channel embed- 
ded in the backbone bus 48. The interface connectors 

10 34' and 36' also have a mechanical interface 58 that 
snaps the connectors together in a connected configu- 
ration, ensuring that electrical, optical and mechanical 
coupling is made securely 

[001 1] The standardized interface connector 34, 36 

15 or 34', 36' provides services to all payload and space- 
craft modules, and facilitates module changes, technol- 
ogy improvements and upgrades. In the embodiment of 
FIG. 5. the "household-like" power connectors 50 carry 
carries "raw" or unregulated direct current (DC) power 

20 from the backbone bus 48 to each of the connected 
panel modules 26. The wireless infrared data bus con- 
nector 54 carries spacecraft command and control sig- 
nals distributed through the backbone bus 48. The RF 
microstrip interface 52 provides connections for multiple 

25 RF data-carrying channels also carried by the backbone 
bus 48. Finally, the digital fiber optic data bus connector 
56 carries mission data over an optical channel embed- 
ded in the backbone bus 48. More details of this optical 
data channel are shown in FIGS. 6 and 7. 

30 [0012] FIG. 6 shows multiple panel modules 26 
connected to an optical data bus 60. Each panel module 
26 includes an optical interface unit 62, which receives 
optical signals from the data bus 60, as indicated by 
lines 64, and transmits optical signals to the data bus, 

35 as indicated by lines 66. The data bus 60 allows for 
high-volume data communication between panel mod- 
ules 26. for transmission of mission-specific data. It will 
be understood that one or more of the panel modules 
may include connections to transmitters for down-link- 

40 ing data to a ground station (not shown), or receivers for 
up-linking data from a ground station. 
[0013] FIG. 7 shows an optical interface unit 62 in 
more detail, together with connections to the optical 
data bus 60. In the illustrative embodiment of FIG. 7, the 

45 optical data bus 60 does not extend continuously along 
the backbone bus 48, but is, in effect, diverted through 
each panel module 26 through optical lines 64 and 66. 
Optical data signals are carried on the optical data bus 
at multiple wavelengths. Thus the data signals are 

so wavelength data multiplexed on the data bus 60, which 
may be referred to as a wavelength data multiplexed 
backplane. Incoming optical data on line 64 is first 
demultiplexed in an optical demultiplexer 68, and the 
resulting separate optical signals are input to a receiver 

55 array 70. which includes a plurality of photo-electric 
detectors that convert the optical signals to electrical 
signals, as indicated by lines 72. These electrical sig- 
nals are input to a cross-point switch 74 operating at a 
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high data rate. The cross-point switch determines the 
destinations of the signals and directs the signals to 
their intended destinations on the panel module 26 with 
which this optical interface unit 62 is associated. Some 
of these signals may not be destined for a module 5 
located on this particular panel and will be passed 
through the cross-point swrtch 74 to electrical output 
lines 76. Data destined for modules located on this 
panel module 26 are switched onto lines 78. Data sig- 
nals to be transmitted onto the data bus 60 are pre- 10 
sented to the cross-point swrtch 74 on lines 80 and are 
routed onto selected communication channels carried 
on lines 76, each of which modulates one of a plurality 
of laser light sources 82 operating at different wave- 
lengths. The optical outputs of these lasers are input to 15 
an optical multiplexer 84, where they are combined and 
then coupled onto the optical data bus 60 over optical 
line 66. 

[0014] The embodiment of FIG. 7, has.the advan- 
tages that it employs commercially available compo- 20 
nents and that no control signals need be transferred 
across the boundary between the data bus 60 and the 
panel module 26. Moreover, the interface units 62 can 
be standardized for all panel modules, and from one 
spacecraft to another if desired. Also, the optical inter- 25 
face is simplified because only a single optical fiber is 
needed for signals being "dropped" onto a panel mod- 
ule and only another single optical fiber is needed for all 
signals being "added" from the panel module to the data 
bus. The interface unit 62 regenerates the optical sig- 30 
nals at each panel module 26, and can also be used to 
switch data signals to an additional backplane or data 
bus (not shown). For continuity of the data bus 60, each 
position in which a panel module 26 may be installed 
must have either an actual panel module or a dummy 35 
panel, illustrated at 90 in FIG. 8, containing an optical 
fiber 92 connecting lines 64 and 66. The dummy panel 
90 is, of course, preferably smaller in size and weight 
than the actual panel modules 26. 

[001 5] It will be appreciated from the foregoing that 40 
the present invention represents a significant improve- 
ment in spacecraft architecture. In particular, the inven- 
tion provides a standardized data, control and power 
interface between spacecraft modules and a spacecraft 
core structure. The standardized interface provides a 45 
selection of wireless infrared, microstrip and optical 
connectors, each of which couples to corresponding 
components of the backbone bus of the spacecraft core 
structure. It will also be appreciated that, although vari- 
ous embodiments of the invention have been illustrated so 
and described in detail for purposes of illustration, a 
number of modifications are believed to be within the 
spirit and sqppe of the invention. Accordingly, the inven- 
tion should not be limited except as by the appended 
claims. 55 
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Claims 

1. For use in a modular spacecraft having a core 
structure and a plurality of largely independent 
spacecraft modules, a backbone interface, com- 
prising: 

a power bus extending along a spacecraft core 
structure, for coupling to connectors on mod- 
ules plugged into the backbone interface and 
for supplying electrical power to the modules; 
an optical data bus extending also extending 
along the spacecraft core structure, for carrying 
data signals in optical form from one module to 
another; and 

an optical interface associated with each mod- 
ule, for converting optical signals from the opti- 
cal data bus to electrical signals, directing the 
converted electrical signals to appropriate des- 
tinations on the module, and adding data sig- 
nals derived from sources located on the 
module back onto the optical data bus. 

2. A backbone interface as defined in claim 1 , and fur- 
ther comprising: 

a conventional electrical data bus also extend- 
ing along the spacecraft core structure, for cou- 
pling to data connectors on the modules 
plugged into the backbone interface. 

3. A backbone interface as defined in claim 1 , and fur- 
ther comprising: 

a radio-frequency (RF) bus also extending 
along the spacecraft core structure, having a 
plurality of waveguide channels for selective 
coupling to connectors on the modules plugged 
into the backbone interface. 

4. A backbone interface as defined in claim 1 , wherein 
the optical interface includes: 

an optical demultiplexer to separate multiple 
optical channels carried on the optical data 
bus: 

a detector array for generating electrical sig- 
nals from signals on the multiple optical chan- 
nels; 

switching logic to determine module destina- 
tions for the electrical signals and for routing 
electrical signals generated on the module; 
a plurality of light sources coupled to the 
switching logic, to generate optical signals for 
coupling onto the optical data bus; and 
an optical multiplexer, for combining a plurality 
of optical signals from the light sources, for 
launching onto the optical data bus. 
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5. A backbone interface as defined in claim 4, 
wherein: 

the optical signals are wavelength division mul- 
tiplexed onto the optical data bus; 5 
the optical demultiplexer generates multiple 
optical signals at different wavelengths; and 
the plurality of light sources include lasers 
operating at the same respective wavelengths 
as the multiple optical signals. w 
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(54) Connector interface for spacecraft modules 

(57) A standardized interface between a spacecraft 
backbone structure (48) and multiple spacecraft mod- 
ules (26) that are coupled to the backbone structure 
mechanically, electrically and optically. The interface 
structure includes power connection pins (42 or 50) that 
connect to a power bus in the backbone structure, data 
signal pins (44) that connect to a conventional data bus 
in the backbone structure, and an optical connection (46 
or 56) that connects to an optical data bus (60) in the 
backbone structure. Optionally, the interface also 
includes a wireless data bus (54) using infrared propa- 
gation along the backbone structure, and a radio-fre- 
quency (RF) microstrip connector (52) for transmission 
of data at radio frequencies. The optical data connec- 
tion employs an optical interface unit (62) in each 
spacecraft module (26) to convert optical signals from 
the optical data bus (60) to corresponding electrical sig- 
nals, and a cross-point switch (74) to distribute the sig- 
nals to appropriate destinations on the module. The 
optical interface unit (62) also converts electrical signals 
to optical signals for transmission back onto the optical 
data bus (60). Optical signals may be wavelength divi- 
sion multiplexed onto the optical data bus (60), for which 
purpose the interface unit (62) also includes an optical 
demultiplexer (68) and an optical multiplexer (84). 
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